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Abstract 
Control of water pollution is a very important scientific research area nowadays. Textile industry is one among the major 
pollution causing industry. The organic compounds which are coloured represent a minor fraction of the organic components of 
wastewater but their colour causes undesirable appearance. Treatment of textile wastewater using traditional physico-chemical 
methods are expensive, large quantities of sludge will be generated and usually it needs the addition of toxic chemicals. Textile 
effluents have high COD and low BOD. So it is not suitable to treat textile wastewater using a single physico-chemical or 
biological method. So a chemical pre-treatment followed by biological treatment is suitable for textile wastewater. Advanced 
oxidation process is chosen for pre-treatment. Among various advanced oxidation processes, fluidized bed Fenton process is 
chosen because sludge produced is less in this process. The efficiency of MBBR with carriers inoculated with Microbacterium 
marinilacus, isolated from textile sludge after fluidized bed Fenton pre-treatment is evaluated. Results are optimized using Box 
Behnken method. 86% COD removal, 81.5% BOD removal is observed.  
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1.Introduction 
    Water pollution means a deviation from pure condition, partially or completely by human activity. Major  
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industries like pulp and paper, chemical, petrochemical, refining, metal working, food processing, textile industries 
etc. are the major contributors of water pollution. Textile industry generates one of the most polluting effluent 
compared to other industrial effluents. Due to changes in the consumer’s demand, effluent contents have a rapid 
change. Synthetic reactive dyes are used in great amounts nowadays. Textile, paper and printing industry generates 
large amount of dye effluents which affect the visibility and photosynthetic activity of the water bodies and also 
highly toxic to aquatic life. The production processes in textile industry not only utilizes large quantity of water and 
energy but also generate large amount of waste products. Many countries including India introduce strict 
environmental standards to minimize water pollution [1]. 
An important environmental issue related to textile industry is the production and discharge of big volumes of 
highly polluted wastewater, due to the consumption of about 100 to 200 litres of water per kilogram of textile 
product and the use of an immense range of materials and chemicals in the production chain [2].  
Removal of dye from wastewater using traditional methods such as coagulation, adsorption, oxidation with ozone 
etc. are expensive, generate large quantities of sludge and also require the addition of hazardous chemicals. So 
microbial remediation techniques have greater attraction  now. Decolourization and degradation using microbes is an 
environmental friendly and cost effective substitute to different traditional treatment methods [3]. 
Textile effluent has low BOD/COD ratio, hence it is necessary to give a pre-treatment before biological process. 
It was found that the use of Fenton’s reagent for the treatment of textile wastewater was really efficient method for 
degradation of pollutants, so it can be used for the pre-treatment of textile wastewater prior to biological treatment 
[4]. 
Fenton process is very successful in the degradation of organic matter present in textile wastewater but the 
production of ferric hydroxide sludge is a great disadvantage because it requires further treatment and disposal [5]. 
Fenton process can be improved by using fluidized - bed Fenton reactor. A bed of solid particles with a stream of 
gas or liquid passing upward through the particles at a rate to keep them in motion is known as a fluidized bed. 
When the liquid or gas travels through the bed it gives unique characteristics to the bed i.e. the bed itself behaves as 
a liquid. Wave motion can be propagated which gives proper mixing. Sludge production is less in fluidized-bed 
Fenton process due to iron precipitation or crystallization [6]. 
     The Moving Bed Biofilm Reactor (MBBR) can be used for the treatment of both industrial and municipal 
wastewater. This treatment process is suitable for wastewater treatment such as nitrogen reduction, high BOD or 
COD removal. MBBR process has the advantages of both activated sludge and bio-film systems. MBBR can be 
operated similar to activated sludge process with the addition of freely moving carrier media. Carrier elements 
provide a surface for bacterial growth. Carrier elements have lighter density than water so they continuously move 
along with water stream inside the reactor [7].  
     Bacteria from the textile sludge should be isolated by serial dilution plate count method and inoculated in the 
carrier elements of MBBR to increase the efficiency in treating textile wastewater. Bacteria have the ability for the 
aerobic degradation of textile dyes. Growths of recalcitrant organic degraders are necessary in biological treatment 
process for the removal of specific contaminants from wastewater. The bacterium exhibited a remarkable colour-
removal capability over a wide range of dye concentrations (50–200 mg/l), pH (6–10) and temperatures (30–
40°C).The bacterial strain can tolerate and decolourize azo dyes at high concentrations, making it an advantage for 
treatment of textile industry wastewaters[2]. 
    There are many advantages for MBBR like smaller size, no sludge bulking, high concentration of biomass, 
tolerance to loading impact, high COD loading, no need of periodic backwashing etc. [8]. 
   Minitab version 16 which is a Design – Expert software was used to design the number of experiments to be 
performed, for experimental data calculation and for the evaluation of experimental results. The Box –Behnken 
statistical design is used to find out the effects of significant factors and also to obtain optimum conditions [9]. 
2. Materials and methods  
 
2.1. Sampling of real textile wastewater 
Real textile wastewaters were collected from Augustan Textile Colours Ltd. Palakkad. Three different samples 
were collected in a time interval of 10 days and were stored at 4°C.  
 
250   Anju Francis and K.J. Sosamony  /  Procedia Technology  24 ( 2016 )  248 – 255 
Analysis was done for all the samples collected. The average values of the characteristics of untreated textile 
wastewater are shown in table 1.  
  
 
 
Table 1. Characteristics of textile wastewater(Augustan Textiles) 
 
                                                                 
2.2. Preparation of synthetic wastewater 
     Synthetic wastewater was prepared based on the characteristics of textile wastewater collected from Augustan 
Textile Colours Ltd. Various chemicals like levelling agent, lubricant, wetting agent etc. along with dyes were 
mixed in de- ionized water. The composition of dye and other chemicals used for the preparation of synthetic 
wastewater are given in table 2 
     Table 2. Composition of chemicals used for the preparation of synthetic wastewater 
Chemicals Quantity 
Chemistar Turq Blue (Dye) 100 mg/l 
Sorbecol (Levelling agent) 2ml/l 
Lubricant 4ml/l 
Salt 1g/l 
Caustic soda (20%) 2ml/l 
Wetsoft (Softening Agent) 20 ml/l 
     Parameters like Chemical oxygen demand (COD), Bio-chemical oxygen demand(BOD), turbidity, sulphide, 
chloride, hardness, alkalinity, Total suspended solids (TSS) and Total dissolved solids (TDS) were found out in 
laboratory using experimental methods. Characteristics of synthetic textile wastewater are given in the table 3.  
2.3. Chemicals 
      
       Chemistar Turq Blue (reactive sulphur dye) was obtained from Augustan textile industry. pH of initial solution 
was adjusted by using sulphuric acid.  
 
2.4. Experimental set-up 
A laboratory scale acrylic glass reactor having a total volume of 11.25 L was used for this study. The reactor had 
an internal size of 15 X 15 cm and height of 50 cm. The effective depth of wastewater in the reactor was 35 cm i.e. 
70% of reactor volume. The reactor was filled with various percentages of carrier elements. Mixing and aeration 
Analytical parameters      Concentration 
COD(mg/l) 600-800 
BOD(mg/l) 180-240 
pH 10-11 
TSS(mg/l) 40-100 
TDS(mg/l) 2000-3000 
Alkalinity(mg/l) 700-1200 
Turbidity(NTU) 70-120 
Sulphide(mg/l) 100-140 
Chloride(mg/l) 1200-1600 
Hardness(mg/l) 250-420 
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were provided by aerators from the bottom of the reactor. Aeration rate of 3 l/min was maintained to keep the media 
in circulation [10]. 
    The experimental set-up is shown in fig. 1.  
       Table 3. Characteristics of synthetic wastewater 
Parameter       Concentration  
COD (mg/l)              780 
BOD(mg/l)     198 
pH              10.85 
TSS(mg/l)  48 
TDS(mg/l)     260 
Alkalinity (mg/l)    700 
Turbidity (NTU)   72 
Sulphides (mg/l)     110 
Chlorides(mg/l)       1575 
Hardness (mg/l)       297 
2.5. Carrier materials and microorganism 
Moving bed biofilm carriers (MBBC) were prepared using Poly Vinyl Chloride(PVC). Corrugated cylinders 
with internal diameter D1 of 1.5 cm, external diameter D2 of 2 cm and height of 1.4 cm are obtained by cutting the 
inlet pipe of washing machine. The carrier materials are shown in fig. 2. 
Biological sludge from aeration tank of Augustan textiles was collected. 
 
 
                                                                     Fig.1.Experimental Set up 
 
 
 
                                                                Fig.2. Carrier materials 
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2.6. Isolation, Identification and Inoculation of microorganism 
Biological sludge from aeration tank was collected. Isolation, Identification and Inoculation was done in Kerala 
Agricultural University, Vellannikkara. Isolation was done by Serial dilution plate count method and after that pre-
dominant species was identified. Identification was done by 16 S rRNA method. Identified species was 
Microbacterium marinilacus. Carriers of MBBR were inoculated with Microbacterium marinilacus. Carriers were 
dipped in the culture. Culture was prepared by inoculating Microbacterium marnilacus into nutrient broth [11]. 
2.7. Operating procedure 
Textile wastewater is difficult to treat by biological treatment only so fluidized bed Fenton pre-treatment was 
given first and then biological treatment with MBBR. 
The fluidized bed Fenton process is carried out in a 1.35L acrylic tube of 5.2 cm diameter and 133 cm height. 
The reactor consists of inlet, outlet, and recirculation compartments. Glass beads of size 2 mm are used to support 
the carrier material. Quartz (SiO2), with diameters in the range of 1 mm, was used as carrier. In this experiment, the 
glass beads are first added to the acrylic tube reactor. It is followed by the addition of 100 g/l of SiO2 carriers. About 
1 litre of the synthetic sample whose pH is adjusted by adding H2SO4 is then introduced into the reactor. In order to 
suspend the carriers and for mixing, the pump was turned on [12]. 
 Pre-treatment is done to enhance BOD to COD ratio to 0.5. Several trials were done based on previous study. 
Anticipated results were obtained in the trial pH -3, Fe2+-3mg/l, H2O2 -50mM. After pre-treatment COD value 
decreased from 780 to 336 mg/l and BOD to COD ratio enhanced to 0.52. 
In MBBR process, certain volume percentage of biofilm carriers are introduced inside the reactor, the pre-treated 
wastewater was then charged to 70% of the reactor i.e. 7.875 liters. The biofilm carriers were fluidized by giving 
aeration. The microorganisms present in biofilm consume organic particles in the wastewater. 
      Various factors which affect the treatment of textile wastewater in moving bed biofilm reactor are:  
1 contact time  
2 pH  
3 filling ratio of carriers in empty reactor  
 
         For pH, the range selected is from 6-9 which is based on previous study. This pH range is suitable for bacterial 
growth. For filling ratio (FR), the range selected is 40-80%.This is because if filling ratio is less than 40% then 
oxygen transfer, efficiency will be poor. If filling ratio is greater than 80%, then mixing will not occur. COD of 
synthetic wastewater was measured every day after setting up MBBR based on the optimized result of previous 
study which was pH-8, time -12 days and filling ratio-70%. COD was found to be decreasing and remains constant 
after third day. So time is fixed as three days. Table 3 represents levels of three factors on Box Behnken statistical 
design [13].  
        Based on three varying parameters there were 15 different runs designed by Box Behnken method. 
 
3. Results and discussions 
3.1.Result of experimental runs of MBBR process 
       Based on 15 different trials of MBBR designed by Box Behnken method, maximum COD removal observed is 
87.6% and maximum BOD observed is 79.55%. 
Effect of  various parameters on COD removal efficiency  
      The best relation of COD removal is with time having regression coefficient of 8.1461, followed by filling ratio 
and pH. Thus time have significant effect on the COD removal efficiency followed by filling ratio. pH has 
comparatively lesser significance. 
       Contour plots showing variation of COD removal vs Time, Filling ratio, pH is shown in fig. 3. It is clear that 
maximum COD removal efficiency is observed   when time is 2.5 days. As time increases COD removal efficiency 
increases and it remains constant after 2.5 days that is after that there will not be considerable decrease in COD. As 
filling ratio increases from 40-70%, COD removal increases. 
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Table  4. Levels of three factors on the Box Behnken statistical    design 
 
    
 
 
 
 
 
       When filling ratio increases to 80%, efficiency decreases. This is because when filling ratio is increased more 
than 70%, there will not be proper mixing and when filling ratio is decreased below 40%, oxygen transfer efficiency 
will be poor. Optimum pH is in the range 7.5-8.5 because bacterial growth in MBBR is optimum in that pH range. 
Effect of various parameters on BOD removal efficiency 
The best relation of BOD removal is with time having regression coefficient of 7.1887, followed by filling ratio. 
Thus time have significant effect on the BOD removal efficiency followed by filling ratio. pH has got a slightly 
negative effect on BOD removal efficiency. As pH increases more than 7, removal efficiency decreases. Contour 
plots showing variation of BOD removal vs Time, Filling ratio, pH is shown in fig. 4. BOD removal efficiency is 
maximum when pH in the range 7-7.5, time in the range 2-2.2 days and filling ratio in the range 60-70%. This is 
because Microbacterium marnilacus have optimum growth in the pH range 7-8. As time increases BOD removal 
efficiency increases and 80% removal is observed at 2.2 days and after that slight decrease in efficiency because of 
bacterial death due to lack of feed which increases the biological load. BOD removal efficiency increases when 
filling ratio is in the range 40-70% and optimum is found when filling ratio is in the range 60-70%. If filling ratio is 
increased more than that, BOD removal efficiency decreases due to lack of proper mixing of carriers inside the 
reactor. 
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                 Fig. 3. Contour plots showing variation of COD removal vs Time, Filling ratio (FR), pH 
 
 3.2.Optimisation plot of combined BOD and COD removal 
        Optimum values of pH, filling ratio and time are 7.33, 67.07 and 2.25 days respectively. 
          
      
       VARIABLES 
     Variable levels 
 
   Low            High 
              
              pH 
    
      6                   9 
          
    Filling Ratio(%) 
 
     40                 80 
          
 Contact Time(days) 
      
       1                 3 
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                         Fig. 4. Contour plots showing variation of BOD removal vs Time, Filling ratio (FR), pH 
 
 
4. Conclusion 
Textile industry discharge coloured wastewaters and dyes into water bodies which will adversely affect aquatic 
environment.Sludge produced is very less in fluidized bed Fenton , so fluidized bed Fenton process is used for the 
pre-treatment of  textile wastewater. With this pre-treatment, COD is reduced and the biodegradability of textile 
wastewater is enhanced for the subsequent biological treatment. During fluidized bed Fenton process significant 
quantities of hydroxyl radicals were produced which are capable for the oxidation of the most resistant pollutants. 
Under the conditions of pH -3, Fe2+ -3 mg/l and H2O2 – 50 mM , COD value decreased from 780 to 336 mg/l. BOD 
to COD ratio was enhanced from 0.25 to 0.52. In the subsequent biological treatment, Poly Vinyl Chloride (PVC) 
corrugated carrier materials were used in MBBR. Carriers of MBBR are inoculated with Microbacterium 
Marnilacus, isolated from textile sludge. Maximum COD and BOD removal were obtained after 2.25 days of 
treatment at pH 7.33. Filling ratio of carriers in the reactor affects the COD and BOD removal efficiency. Maximum 
COD and BOD removal were obtained at 67.07% filling ratio. Maximum COD removal obtained under these 
conditions were 87.22%. Under these conditions BOD removal of 80% was observed. The effluent characteristics 
met the irrigation standards. Hence it is possible to use this effluent for irrigation purposes.  
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